The Pato Branco river basin, which supplies water to Pato Branco city (70,000 inhabitants) ). The lowest and the highest variation coefficients for data downstream and upstream corresponded to: nitrate and nitrite (46.1 and 166%); phosphorous and nitrite (56.8 and 229.6%).
INTRODUCTION
The definition of environment as "the cycle of all natural components and their conditions, laws, influences and interactions of physical, chemical, biologic and social nature that enable, shelter and support life in every form" (SEMA, 1996) , enables the analysis of what effectively is an environmental system, which and how the interactions between natural factors occur, including an important social component, in other words, aiming at a better use of natural resources. It must be also taken into account that the environment expresses itself under several dimensions, forms, meanings and evolves through time. However, when it comes to anthropic actions and how they affect their surroundings (Primavesi et al., 2002) , the social environment is defined by the relationships of individuals within a community, and from these relationships and community needs, a wider interest in the exploration of natural resources is generated, more and more supported by modern technological processes, faster extraction speed, and use of large quantities of energy. This analysis leads to a wider exploration of natural resources that, without proper management, produces degradation leading to irreversible effects on natural cycles, among which the hydrologic cycle. In this aspect, water resources point to a limiting factor with economic values of present and future use, respectively known as option value and existence value, variables difficult to be measured without a high degree of subjectivity. Therefore, water resources are considered of major importance under the point of view of survival of the urban centers and consequently play a fundamental rule in environmental issues, considering their scarcity. From this point on, it is necessary to better understand the hydrographic basins, considering their present use, as well as their maximum use capacity, under the point of view of all existing activities in their contribution areas, aiming at a water quality control that can be applied to similar basins. Another factor is the identification of environmental variables that really represent the situation of real use and by doing so propose a control model built with the most significant environmental variables (Marques et al., 2003; Becegato et al., 2008) . The present work aimed at monitoring the water quality of the Conrado River. The samples for analysis were collected upstream and downstream during two hydrological cycles, focusing the inflow of organic and inorganic matter and nitrogenated compounds during drainage periods of water bodies reaching base flow.
MATERIALS AND METHODS

Characterization of the area
The study area was located in the Terceiro Planalto Paranaense (Fig. 1) , the coordinates being: northernmost point E=341769, N=7091983; westernmost point: E=331010, N=7087501; southernmost point: E=340438, N=7077212; easternmost point: E=347288, N=7079699. The Pato Branco River hydrographic basin has a contribution area of 130.43 km² and is inserted in the Iguaçu river hydrographic basin. The study area has been affected by intense anthropic action due to its strategic location for the initial development of the municipality. It attracted colonizers in the 1950's, 1960's and 1970's, as well as being the route for those who migrated to Rio Grande do Sul and Santa Catarina states. The land use has been for agriculture, cattle, swine and poultry raising, and industrial activities. (Teixeira et al., 2000) .
Methods
The (SEMA ,1996) . According to Sperling (1997) , for natural environments where no inflow of organic matter takes place, BOD 5 concentration values fall in the 1-10 mg L -1 O 2 interval. Considering this interval, only 9.1% of the values for both stations could be characterized as originated from polluted waters. Mcneely et al., (1979) and Perez (1992) reported that superficial waters with BOD 5 levels less than 4 mg L -1 O 2 were reasonably clean and those with levels more than 10 mg/L O 2 were classified as polluted as a function of inflow of degradable organic matter. According to these definitions, 72.75% of the values obtained for monitoring station RC01 and 86.4% for monitoring station RC02 could be characterized as clean waters. According to Tables 3, the variation coefficient was higher for monitoring station RC02 (146%) than for station RC01 (123%). According to Figure 2 , the data followed a positive skewness distribution for both the stations. The main factor for such behavior of BOD values at both monitoring stations could be related to the existence of two industries upstream station RC01, one for milk products and the other for poultry raising for slaughter, as well as intensive cattle raising in areas of higher declivity close to the hydrographic basin watershed and the use of permanent preservation areas as pasture.
RESULTS AND DISCUSSION
---------------------------------------------------------------------------------------------------------------------------------------- Statistics ---------------------------------------------------------------------------------------------------------------------------------------- Minimum
Chemical oxygen demand (COD)
COD expresses the existing oxygen content in water bodies. The oxidation of organic matter takes place when an extremely strong chemical agent oxidizes both organic and inorganic matter. Therefore, COD will be always higher than BOD 5 . According to Chapman and Kimstach (1996) Chapman and Kimstach (1996) of 20 mg L -1 O 2 were adopted, though such value could be due to effluents. During the campaign of 9th December 2003, the waters of both stations were classified as polluted according to Chapman and Kimstach (1996) , yielding respectively 28 and 30 mg L -1 O 2 . Another way of evaluating the behavior of COD (Mcnelly et al., 1979) is the raise of COD concentration in a water body, due mainly to industrial effluents, which contain reducing organic matter. According to Table 3 the variation coefficient was similar for both the stations (65.4 and 63%, respectively), showing a certain COD equilibrium. For both the stations, a positive skewness behavior was obtained (Fig. 3) . Analyzing the data of variables that represented the organic matter (BOD 5 and COD), the higher dispersion occurred for BOD 5 (Table 3 ). The amplitude of differences was more significant for BOD 5 , as the average and median values for COD were quite close. Therefore, could be infered that the inorganic balance was more equilibrated than the organic balance, taking into account the conditions of the present study, or that the larger oscillations in the quality of superficial waters took place due to the inflow of organic matter. The higher BOD 5 variations were observed in the monitoring stations downstream, whereas average values were higher for upstream stations. (FATMA, 1999) . Table 3 showed that the major phosphorous inflows occurred on December 9, 2003 and January 5 2004. Considering that the samples were collected within a three-day interval of no rain and that phosphorous had low mobility, the most plausible explanation was the high discharge of industrial effluents and the application of swine excretions to soil as manure. When high concentrations of phosphorous are found in the liquid medium, depending on the characteristics of the receptor, an eutrophication process can start. In natural waters, phosphorous concentrations fall in the range 0.01-0.05 mg L -1 (Esteves, 1998) . According to Table 3 , the average values for phosphorous were 0.13 and 0.07 mg L -1 , respectively. DVWK (1999) reported that for lowenergy rivers, the critical phosphorous contents to start eutrophication fell in the 0.1 to 0.2 mg L -1 range; for high-energy rivers they could be higher than 0.3 mg L -1 . Agostinho and Gomes (1997) , monitoring the Segredo reservoir, found that the average concentration of total phosphorous was 0.025 mg L -1 and it was reduced to 0.016 mg L -1 in a certain period. This reduction was a function of phosphorous absorption by phytoplankton and its later sedimentation (Thornton, 1990) , and also by adsorption of particulate inorganic material and phosphorous precipitation as ferric compounds (Wetzel, 1983) . The factors that influence the availability of phosphorous are its relative abundance in the environment and the residence time of the dissolved fraction. In general, phosphates quickly form complexes, such as soluble complexes, chelates and salts, with cations available in the water body, the main being iron, aluminum and calcium. The main factors that command the combination and dissolution of such compounds are: pH, phosphate concentration in the water body, redox potential and biota activities. These factors remove phosphate from the water column and reduce the concentration of certain metals as a function of precipitation of the metal-phosphoric compounds (CCME, 1999). Resolution n. 375/05 (CONAMA, 2005) establishes that for class 2 rivers, the limit value for the lotic environment is 0.1 mg L -1 P. Fifty per cent of the station RC01 samples presented values above the limit. Such violations were distributed along the sample collection periods. However, for intermediate environments, considering water bodies that flew to reservoirs in lentic environment with residence time of 2 and 40 days, the limit was 0.05 mg L -1 P. A total of 90.9% of station RC01 data and 72.7% of RC02 showed the violation level. As the trend of water quality was being evaluated, it was possible that the Conrado river had a potential to develop eutrophication processes in the situation previously mentioned. Thus, a comparison with both values should be adopted for the analysis, but prevailing in the future the limit value of 0.05 mg L -1 P. It is worth stressing that monitoring station RC01 presented the highest values and alterations. A factor responsible for the increase of total phosphorous concentration could have been the use of fertilizers and agrotoxic products. The data were more dispersed upstream, with variation coefficient of 80%, comparatively to 55.7% for the data downstream (Fig. 4) . 
Variables that characterize eutrophication process
Nitrogenated compounds
Regarding the behavior of nitrogenated compounds, their inflow can, in general, be by precipitation, as organic and inorganic matter of allochthonous origin and also be fixed in the atmosphere close to the liquid medium. Such compounds may take several chemical forms, as the oxidized, such as nitrate (NO 3¯(aq.) ) and nitrite (NO 2¯(aq.) ). These two forms are known as total oxidized nitrogen. They can also be in reduced forms, such as ammonia (NH 3(g) ) and the ion ammonium (NH 4 + (aq.) ), ammoniacal nitrogen. Ammoniacal nitrogen plus organic nitrogen is named Total Kjeldahl-Nitrogen (TKN). Additionally, nitrous oxide (N 2 O) and molecular nitrogen (N 2(g) ), leaving to the atmosphere dissolved the organic nitrogen and particulate organic nitrogen. British Columbia (1998) and Mcneely (1979) reported that in terms of water bodies, nitrate and ammonium were of major importance, bearing in mind that they represented the main nitrogen sources for the primary producers. When these compounds lack, inorganic compounds are firstly used and lacking the latter, the forms of dissolved organic nitrogen. The average values for the variable nitrite were 0.06 and 0.029 mg L -1 N, respectively for stations RC01 and RC02 (Table 3) . These values were below those established by Resolution n. 357/005 (CONAMA, 2005) of 1.0 mg L -1 N. None of the 22 campaigns yielded values equal or above the limit established by Conama. Variation coefficients were 166% for station RC01 and 229.6% for station RC02, influenced mainly by the data corresponding to December 9, 2003 and January 5, 2004. For station RC01, the highest values were obtained in the 11 and 12/03; 04/04; 02 and 03/05, and 07/05. The highest values for 72.7% of the results for both stations corresponded to RC01. It could be inferred that probably a nitrification process was taking place there, because this compound usually appeared in water in an intermediate natural phase of the nitrogen cycle, in the microbial oxidation of nitrate. Once nitrite is formed, it is immediately oxidized to nitrate (nitrification) or reduced to gaseous nitrogen (denitrification). The data distribution (Fig. 5) The average nitrate contents were 0.67 mg L -1 N (upstream) and 0.78 mg L -1 N (downstream), which did not reach the limit set by Resolution n. 357/005 (CONAMA, 2005) of 10 mg L -1 N. The variability upstream was 46.1%, whereas it was 60.1% downstream (Table 3) . For 59% of the samples, the nitrate values were higher at monitoring station RC02; 31.8% were higher at station RC01. As nitrate is usually present in moderate concentrations in water bodies as a natural metabolite of the nitrification process (conversion of ammonia or nitrite to nitrate), high values can lead to mass proliferation of phytoplankton and macrophytes in low-energy waters. British Columbia (1998) and Mcneely et al., (1979) explained that the major sources of nitrate inflow in the water bodies were manures used in soil fertilization, domestic and industrial effluents, as well as animal excretions, not ruling out atmospheric fixation of nitrogen. Nitrate values in RC01 obtained for November 4, 2003 , December 9, 2003 , January 5, 2004 , and May 30, 2005 , were slightly higher than the others, influencing the average value and consequently the standard deviation. The data distribution (Fig.  6 ) was negative asymmetric. On December 9, 2003; January 5, 2004; February 11, 2004 and March 29, 2005 , the values were above the majority for RC02, generating a positive skewness curve. Regarding ammoniacal nitrogen, the average values were 0.16 and 0.09 mg L -1 N, respectively upstream and downstream, not reaching those established by Resolution n. 375/05 (CONAMA, 2005) , of 3.7 mg L -1 N for pH equal or less than 7.5. Some values as those obtained upstream and downstream on December 9, 2003 and January 5, 2004 were above the other, influencing the variation coefficient of 99% upstream and 156.4% downstream (Table 3) , resulting in positive skewness curves (Fig. 7) . A total of 54.5% of station RC02 values were higher than RC01. As ammonia represents the primary form of nitrogen, soon after the degradation of nitrogenated compounds that compose proteins and aminoacids, one can suppose that this contamination is by "in natura" feces or de sewage in primary treatment phase. As the study was based on rural hydrographic basin, there was probably a causeeffect relationship with the application of swine excretions in the soil and pastures or the punctual launch in the water body. The average values for the variable Total Kjeldahl Nitrogen (TKN) were 0.48 and 0.33 mg L -1 N, respectively for monitoring stations RC01 and RC02. Resolution n. 375/05 (CONAMA, 2005) establishes a limit for TKN of 3.7 mg L -1 N. Station RC01 presented data variability of the order of 63.6%, whereas station RC02 of 90.8% (Fig. 8) . During February 2004 , April 2004 , June 2004 , December 2004 , February 2005 , TKN values were higher than those for nitrate in station RC01. According to Table 4 , only total phosphorous presented a significant statistical difference between the two stations. Excepting variable COD, which remained stable for both stations, and variable nitrate, which increased in concentration in the station downstream, the others decreased. Another type of analysis is expressed in Table 5 . The behavior of a water body regarding the variables that characterize organic matter can be depicted through the BOD:COD ratio. When this ratio is close to 0.5 (Branco, 1991) , the inflow of organic matter coming from several sources such as domestic, commercial and industrial and that potentially contribute with both biodegradable and organic compounds, which are difficult to biologically degrade. According to Branco (1991) , for ratios of the order of 0.8, a fraction preponderantly biodegradable would exist and therefore more characteristic of water bodies that exclusively receive domestic sewage. The ratio found was 0.47 for station RC01 and 0.4 for RC02, which indicated that the Conrado river received organic matter from several sources. Larger quantities of nitrogen and phosphorous than carbon were observed in both monitoring stations, as the ratios BOD 5 :TKN and COD:P were below the values for sewage. Station RC02 values were closer to those for sewage than station RC01.
The ratio TKN:P was also below sewage values, being the higher value once more for RC02. In agriculture practices, such as culture rotation, the incorporation of nitrogen and phosphorous occurs from oxidized forms (nitrate and phosphate), nitrate not contributing to TKN concentration. It was then inferred that the contribution to TKN increase was from ammoniacal nitrogen, being phosphorous characteristic of animal excretions. This would explain the fact that BOD 5 ratio was less at station RC01, as the major activity in the watershed was livestock raising in steep areas, favoring the direct transport of sediments to the water body.
CONCLUSIONS
The Conrado river waters presented nutrient concentrations in quantities enough to promote growth of photosynthesizing algae. Monitoring station RC01 was characterized by higher nutrient concentrations due to the livestock raising activity. Monitoring station RC02 was characterized by a higher inflow of oxidized nitrogen. The variables that characterized the nitrogenated compounds did not represent violations on the basis of the limit established by CONAMA Resolution n. 375/05, whereas total phosphorous represented a 40% violation in relation to the limit of 0.01 mg L -1 P. The variable COD behaved identically at both monitoring stations, which indicated that there could be no difference in the oxidation process of the oxidizable organic and inorganic forms for the condition of sample collection without the interference of diffused loads. All the variables analyzed presented variation coefficient higher than 40%, indicating a high heterogeneity of the data set. 
RESUMO
